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Abstract
In part I of this paper the electric behaviour of pure water is described by
an interstitial-ice model, the so-called Protonic-Semiconductor Interstitial-Ice or
PSII model. Liquid water consists of an intact ice-like lattice with a significant
percentage of both vacant lattice positions and water molecules filling the in-
terstitial sites of the open ice-like lattice. It is shown that not the Grotthuss
mechanism is dominant in water but a thermally-induced hopping mechanism of
the H+ and OH− ions linked to vacancies. In part II this hopping mechanism
is further explored and confronted to the small Hall mobilities of the ions, still
unexplained with mainstream models. Two types of complexes are found. The
first type is composed of either charged vacancies with the opposite charge of
the ion (H+VL and OH−VD) or neutral vacancies (H+V and OH−V). These com-
plexes are responsible for the major part of the mobility of the ions. However,
their movement is changing the electric polarisation density of the lattice struc-
ture blocking the Hall effect of these complexes. The second type of complexes
contains a vacancy charged similar as the ion (H+VD and OH−VL). This second
type is responsible for only a small fraction of the electric mobility (10-20%), but
their movement is not altering the electric polarisation of the lattice structure.
They are responsible for the measured small Hall mobilities of the ions.
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1 Introduction
The electrical properties of pure water are extensively studied. Most models are based on
the ideas of Svante Arrhenius (1884) explaining the electric current in water by the move-
ment of both H+ and OH− ions due to an applied electric field [1]. However, the H+ and
OH− mobilities were found to be a factor of 5 to 10 larger than most other ions [2]. This
anomaly is generally explained by the Grotthuss mechanism [3]). Not the ions themselves
are moving through the lattice, but the charge of the H+ and OH−ions (i.e. the proton)
hops from water molecule to water molecule. However, this mechanism fails to explain the
positive temperature-conductivity relation of pure water and was replaced by N. Agmon [2,4]
to protonic hopping within H5O2
+ and H9O4
+ clusters for the H+ ion and within H7O
−
4
and (HOHOH)− clusters for OH− ions. These clusters have to move throughout the water
structure making from the cleavage of a hydrogen-bond within the clusters the rate-limiting
process of the ionic mobility. This cluster model gives the mobility of H+ and OH− its positive
temperature dependence.
In part I of this paper the electric behaviour of pure water is described by the Protonic-
Semiconductor Interstitial-Ice model (or ψ model). Liquid water consists of an intact ice-like
lattice with a significant percentage of both vacant lattice positions and water molecules filling
the interstitial sites of the open ice-like lattice. DC electrical conduction is mainly determined
by ionic transport throughout the lattice. To explain the positive temperature dependency
of the conductivity it was assumed that each ion in water forms a complex with a vacancy,
favouring a thermally-induced ionic hopping mechanism in the water lattice. This mechanism
allows to explain the significant jump in the DC conductivity (a factor of 39) after the phase
transition from ice to water because in ice a majority of the ions complex with DL defects
blocking their motion (see part I). The clustered-ions mechanism of N. Agmon fails to explain
this jump. Because the conduction mechanism is completely new and essential for the further
study of electrolytes, we searched for extra evidence in favour of this new mechanism.
The Hall effect is the occurrence of a small electrical voltage across a current-carrying
electrical conductor when this conductor is placed in a transverse magnetic field [5]. This
effect is commonly used in semiconductor physics to characterise the semiconductor and to
determine the charge density of electrons and holes, but it can be measured in any conductor.
In the 1980-90 a research group of the University of Pierre and Marie Curie succeeded to
measure the small Hall effect in dilute aqueous electrolyte solutions [6–10]. Their findings were
inconsistent with the mainstream ionic drift model unless they assumed that the ionic mobility
in the Hall field was significantly smaller from the ionic mobility in the applied electric field.
They concluded that, although the mobility of H+ and OH− is anomalously larger than other
ions, their Hall mobility was anomalously smaller than the other ions. Several models were
proposed to explain the small Hall mobilities, such as the model of Hubbard-Wolynes [11], of
Kroh-Felderhof [12,13] and Sung-Friedman [14], but these models fail to explain the behaviour
of the H+ and OH− ions.
Within part II, the proposed DC conduction mechanism based on the complex vacancy-ion
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will be further explored. The goal is to find an explanation for the Hall data that is consistent
with the ψ model.
2 The Hall data measured in electrolytes
Because the conductivity of water is too small to measure accurately, the behaviour of the
H+ and OH−ions is studied in dilute aqueous electrolytes, like HCl of NaOH solutions. Over
a period of more than 20 years, the Hall effect of monovalent electrolytes was investigated
by P. and R. Gerard, M. Meton, E. J. Picard and M. Abbes and a consisted dataset was
obtained [6–9]. The methodology to measure the Hall voltage is described in [10].
The standard setup to measure the Hall effect is when a DC current is running through a
rectangular specimen and a magnetic field is applied in a direction opposite to this current [15].
If the DC current is enforced by an electric field in the positive x-direction (component Ex)
and the magnetic induction (with a positive component B) is applied along the positive z
axes, a Hall tension along the y direction is measured corresponding to the electric field Ey.
The reason for this is the Lorentz force on the moving charges. This size of the Hall effect is
characterised by the Hall coefficient, defined as
RH =
Ey
JxB
, (1)
with Jx the electric current density in the x direction. This coefficient will first be derived
within the mainstream model of H+ and OH−ions drifting through the water without any
interactions with the VDLs and transporting a charge with size e.
The Lorentz force on H+ and OH− ions will push them to the negative y direction in the
specimen creating a Hall electric field Ey. A H
+ moving with an average velocity v+,x in the
x direction will experience a netto Lorentz force F+,y equal to
F+,y = eEy − ev+,xB, (2)
This Lorentz force is the driving force for the electric current J+,y of the H
+ ions in the y
direction. This leads to the following equations for the electric current densities of the ions,
J+,y = σ+(Ey − v+,xB), (3)
= σ+(Ey − µ+ExB), (4)
with µ+ the mobility of the H
+ ions.
Similar equations can be found for the OH− ions moving in the negative x direction, so
with a negative value for v−,x. The Lorentz force will be
F−,y = −eEy + ev−,xB, (5)
and the corresponding current density
J−,y = σ−(Ey − v−,xB), , (6)
= σ−(Ey + µ−ExB). (7)
Taking into account that the netto current density along the y axis (J+,y + J−,y) is zero,
the summing Eq. 4 and Eq. 7 leads to the following relation
(σ+ + σ−)Ey = (σ+µ+ − σ−µ−)ExB. (8)
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Because Jx = (σ+ + σ−)Ex, the Hall coefficient can be found
RH =
Ey
JB
=
σ+µ+ − σ−µ−
(σ+ + σ−)2
, (9)
The mobilities and conductivities of the ions are accurately known, so Eq. 9 can easily
be used as a test for the experimental Hall data. However, the researchers found significant
discrepancies between the measured and calculated values for all tested salts and acids [6–9].
To overcome this problem, it was assumed that the two different components of the Lorentz
force have a different mobility [9]. The classical electrical mobility µ which relates the drift
speed v of the charges to the applied electric field E
v = µE, (10)
and a Hall mobility µh which relates the drift speed v of the charges to the Hall field v ×B
v = µhv ×B. (11)
Eq. 9 was based on the assumption that both mobilities are equal. However when both
mobilities are different the Hall coefficient becomes [6, 9]
RH =
σ+µ
h
+ − σ−µ
h
−
(σ+ + σ−)2
. (12)
This equation was conform the experimental results and used to derive the Hall mobilities. To
compare the effect of different ions more easily, the Hall coefficient is rewritten as h = en+RH
with h a dimensionless parameter, also called the Hall number of the solution [9],
h = en+RH =
σ2+h+ − σ
2
−h−
(σ+ + σ−)2
, (13)
and h+ and h− the Hall numbers of respectively the positive and negative ions. The Hall
numbers of the individual ions are defined as the ratio of the Hall mobility to the electric
mobility of the ion, i.e.
h− =
µh−
µ−
(14)
and
h+ =
µh+
µ+
. (15)
The experimental results are structured as Hall numbers for the individual ions [7–10].
Some Hall numbers for different ions are found in Table 1. The Hall numbers are smaller
than one, indicating that the mobility in the Hall field is smaller that the electrical mobility.
More important, the Hall numbers of H+ and OH− have a divergent behaviour. While the
electrical mobility of both ions is anomalously high (mainstream explained by the Grotthuss
mechanism) their magnetic mobility is anomalously reduced compared with the other ions.
Several models were proposed to explain the smaller Hall mobility, such as the model of
Hubbard-Wolynes [11], of Kroh-Felderhof [12, 13], and Sung-Friedman [14]. They make an
estimate of the Hall number between 0.71-0.75 but none of them gives a good clue for the
difference between the Hall numbers of negative and positive ions, nor for the small Hall
numbers of H+ and OH- [9].
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ion h+ µ+ (cm
2/Vs)
H+ 0.1 0.003629
Na+ 0.7 0.000520
Li+ 0.8-1 0.000401
K+ 0.6-0.7 0.000764
ion h− µ− (cm
2/Vs)
OH− 0.2 0.002067
Cl− 0.5 0.000793
I− 0.5 0.000797
Table 1: Hall numbers and mobilities of different ions at room temperature. For some ions
Hall numbers differ depending on the source [7, 9]. The ionic mobilities are calculated from
the molar conductivities [16].
3 Polarising electric currents and the Hall effect
The electric current J in an ice-like lattice in water is derived by Jaccard’s theory and is
based on the assumption that moving ions are electrically polarising the lattice structure in an
opposite direction as the moving VDL defects. Because drift currents are opposed by diffusive
currents, a single defect cannot carry a DC current and these currents will disappear with
the Debye relaxation time [17]. Only the combination of ionic and charged vacancies allows
a stable DC current. In [17] we reformulated Jaccard’s theory in order to make it consisted
with the macroscopic Maxwell equations. Therefore, the difference between bound and free
charges must be taken into account. VDLs are transporting a bound charge ±eDL = ±0.38e
throughout the lattice, while the ions are transporting both a free charge ±e together with
an opposite bound charge ∓eDL. The netto size of the charge of the ions is therefore only
e± = 0.62e = e− eDL.
The total electric current J inside the lattice is the sum of the current of bound charges
Jb and the current of the free charges Jf
J = Jb + Jf = eDL(−j+ + j− + jVD − jVL) + e(j+ − j−), (16)
with and j+, j−, jVD, jVL the flux density of the H
+ defects, the OH− defects, the VD defects
and the VL defects respectively. At DC the lattice structure becomes polarised, reducing Jb
to 0 [17] and resulting in a DC current Jo,
Jo = Jf = e(j+ − j−). (17)
The DC current can be seen as the movement of the free charge e by the ions. However, this
not what is physically happening. It is not correct to say the there is no VDL current present
in DC because a single type of defect cannot sustain a DC current. Besides the free charge,
the ions are also transporting an opposite bound charge with them [17]. In order to balance
the current of the bound charges to zero, a VDLs current jVD, jVL, is also present. A more
physical way to write the same DC current is
Jo = e±(j+ − j−) + eDL(jVD − jVL), (18)
5
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with the first term the contribution of ions to the total current and the second term the
contribution of the charged vacancies. Both contributions can be worked out using the current
densities derived in part 1 (Eq. 69-72) and filling in Pso as derived in [17],
Jo =
e
e±
σ±E+
eeDL
e2±
σ±E, (19)
= (
e
e±
)2σ±E, (20)
with σ± = σ+ + σ− the total ionic conductivity of the ions and E the applied electric field.
Notice that sum of both contributions in Eq. 20 corresponds to the total DC conductivity as
was derived in part 1 (Eq. 43).
Both the ionic current (first term of Eq. 19) and the VDL current (second term of Eq. 19)
have the same order of magnitude. Although the concentration of VDLs is several orders
of magnitudes larger than the ionic concentration, the netto VDL currents are a factor of 2
smaller than the netto ionic currents. This will have its impact on the mobilities of both the
ions and the VDLs. From the first term of Eq. 19 one can extract the total ionic conductivity
σt±
σt± = e±(n+
eµ+
e±
+ n−
eµ+
e±
), (21)
showing that the total mobility of the ions is a factor e
e±
larger than the drift mobility. Similar
the total conductivity of the VDLs can be derived out of the second term of Eq. 19,
σtVDL = eDL(n+
eµ+
e±
+ n−
eµ+
e±
). (22)
This conductivity is a result of all the movement of all the VDLs present in the lattice, so the
total mobility of both the VDs and the VLs are
µtVD =
en+µ+
e±nVD
, (23)
µtVL =
en−µ+
e±nV L
, (24)
showing that the mobilities (and the corresponding average velocities) of the VDLs are around
7 orders of magnitude smaller than the mobility (or the average velocity) of the ions. This
makes clear that the magnetic component of the Lorentz force will be negligible on the VDLs.
A Hall electric field can only be formed by the movement of ions downwards. However, ions
in a lattice can only move in the y direction if they are compensated by VDLs. Because
there is no significant driving force on the VDLs, the ions aren’t coupled with to the ionic
movement and no Hall effect will occur. This absence can also be explained using quantum
mechanical models [18,19], but our semi-classical explanation links the problem more clearly
to the presence of polarising currents in the lattice.
Experiments show that in ice no Hall effect is found [18,19]. In water the situation is more
complex. A Hall effect is found for H+ and OH− ions but it is significantly smaller than the
Hall effect of the other ions [6–9]. Probably is the initial assumption, the fact that all moving
ions are polarising the lattice, is not completely correct in water.
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4 Ionic conduction mechanisms in water
As was already proven in part I of this paper, the Grotthuss mechanism is not responsible for
the DC conductivity in water. Instead, we found that a hopping mechanism of the molecules,
where ions interact with a vacancy, is much more consistent with the conductivity data that
has a positive temperature dependency. In this section we will discuss the details of this
mechanism and show that dependent of the type of vacancies involved, the effect of the
moving ions on the lattice polarisation will differ.
In Fig. 9 of part I of this paper, a first suggestion was made how a VL allows a H+ ion
to jump through the lattice. However, the movement was not in the direction of the electric
field (the x direction). In order to move easily through the lattice, the H+ ion has to from a
complex with the vacancies. There are three types of H+V complexes possible, and all three
allow the ions to move several steps in the x direction. The three possibilities (a, b and c) are
drawn in Fig. 1. Notice that the vacancy is situated behind the ion and that in order to do
several jumps in the positive x direction two mechanisms have to be combined: the tunnelling
of the proton to the next water molecule together with a jump of the water molecule. In case
a, the H+V complex, with a neutral vacancy, can move through the lattice, thereby changing
the polarisation of the lattice. In case b, the H+VD complex can move through the lattice
but now, the lattice polarisation isn’t changed. In case c, we found only one way to combine
a VL with H+ which allows the travel through the lattice. Notice that LV is split up in a
vacancy and an L defect. The ion can move further as an H+V complex, but is also likely
that the L defect will be attracted to the positively charged H+V complex to form again an
H+VL. This mechanism is also changing the polarisation of the lattice.
So, three mechanisms are available for the movement of H+. Taking into account the
positive charge of the H+ ion, the third mechanism with the H+VL complex, is the most
likely to occur. Much lesser likely are H+VD complexes because of the repulsive force between
them. A similar figure can be designed for the OH− ions. In this case the movement of OH−V
and OH−VD complexes will polarise the lattice and the OH−VL will leave the lattice as it
was.
Because the H+VD and OH−VL complexes are not altering the lattice polarisation, they
can move through the lattice without any extra compensation. So, they are not part of
Jaccard’s theory and they obey the normal conduction rules. So the total DC conductivity
in water can be written as
σo = (
e
e±
)2(σH+V + σH+VL) + σH+VD + (
e
e±
)2(σOH−V + σOH−VD) + σOH−VL, (25)
= σ+ + σ−. (26)
with the index referring to the type of complex and σ+ and σ− the contribution of the positive
and negative ions to the conductivity, respectively.
5 Non-polarising electric currents and the Hall effect
The non-polarising currents of the complexes H+VD and OH−VL are not compensated by
VDL defects. Therefore, these complexes are sensitive to the Hall effect. In this section, an
equation for the Hall coefficient RH for these complexes wil be derived.
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Figure 1: Schematic 2D representation of the movement of three types of ionic defects under
influence of an external electric field E: a) a H+V complex, b) a H+VD complex c) a H+VD
complex. The first row is the starting chain, the second row is the water chain after the
jumping of the complex. We indicated the dipole moment of the individual water molecules
po with the small arrows. Notice the change in polarisation density after the movement of
the complex in a en c and the fact that this not happen in b.
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The Lorentz force on H+VD and OH−VL will push them to the negative y direction in
the specimen creating a Hall electric field Ey. Notice that the magnitude of the total charge
of these complexes is e and not e±. A moving H
+VD will experience a netto Lorentz force
FHVD,y equal to
FH+VD,y = eEy − evH+VD,xB, (27)
with vH+VD,x the average velocity of H
+VD in the x direction. This Lorentz force is the
driving force for the electric current JH+VD,y of the H
+VD in the y direction. When µH+VD is
the mobility of the H+VD complexes this gives
JH+VD,y = σH+VD(Ey − vH+VD,xB), (28)
= σH+VD(Ey − µH+VDExB). (29)
Similar equations can be derived for OH−VL complexes, now moving in the negative x direc-
tion, so with a negative value for vOHVL,x. The Lorentz force will be
FOH−VL,y = −eEy + evOH−VL,xB, (30)
and with µOH−VL the mobility of the OH
−VL complexes,
JOH−VL,y = σOH−VL(Ey − vOH−VL,xB), (31)
= σOH−VL(Ey + µOH−VLExB). (32)
A Hall electric field is now able to build up. This field will also move the other complexes
H+V, H+VL, OH−V and OH−VD and their corresponding VDLs. However, they are only
driven by the electric component of the Lorentz force, not by the magnetic field. The electric
current densities of the complexes are
JH+V,y = (
e
e±
)2σH+VEy, (33)
JOH−V,y = (
e
e±
)2σOH−VEy, (34)
JH+VL,y = (
e
e±
)2σH+VLEy, (35)
JOH−VD,y = (
e
e±
)2σOH−VDEy. (36)
The netto current in y direction: JH+VD,y + JOH−VL,y + JH+V,y + JOH−V,y + JH+VL,y + JOH−VD,y is
zero. So the sum of Eqs. 29, 32, 33-36 will also be zero, relating Ey to Ex and B. Applying
the definition of the total conductivity (Eq. 25) this relation will look like
σoEy = (σH+VDµH+VD − σOH−VLµOH−VL)ExB. (37)
Because Jx = σoEx, the Hall coefficient can be found
RH =
Ey
JxB
=
σH+VDµH+VD − σOH−VLµOH−VL
σ2o
. (38)
Within the dimensionless formulation (h = en+RH) [9] these Hall mobilities are related to
Hall numbers. Dividing σo in the contribution of both the positive as the negative charges,
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as was done in Eq. 26 and assuming that n+ = n− one can rewrite h as
h = en+RH =
σH+VDen+µH+VD − σOH−VLen−µOH−VL
(σ+o + σ
−
o )2
, (39)
=
σ2+
σ
H+VD
en+µH+VD
σ2+
− σ2−
σ
OH−VL
en−µOH−VL
σ2
−
(σ+ + σ−)2
, (40)
=
σ2+h+ − σ
2
−h−
(σ+ + σ−)2
. (41)
Eq. 40 and 41 define the Hall numbers h+ and h− for both ions within the ψ model. If we
assume that the mobilities of the different complex types are of the same order of magnitude,
and if the charge correction factors in Eq. 25 are ignored, the size of Hall numbers can easily
be estimated as
h+ =
σH+VDen+µH+VD
σ2+
, (42)
≈
nH+VD
n+
, (43)
h− =
σOH−VLen+µOH−VL
σ2−
, (44)
≈
nOH−VL
n−
. (45)
So the Hall numbers are a first estimation of the fraction of the complexes H+VD and OH−VL
that do not polarise the specimen.
6 Discussion
The outline of this paper is pure water, so we will focus here on the Hall number of H+ ions,
i.e. 0.1, and the Hall number of OH− which is double as large, i.e. 0.2. This doubling is
interesting, because the mobility of the OH− is around half of the mobility of the H+ ion
(factor 0.56). Within the ψ model, the three types of vacancies are responsible of the ionic
mobility by forming complexes with the ions. Because of their electrostatic attraction it is
reasonable to assume that H+VL and OH−VD complexes are the most dominant and they will
dominantly determine the mobility values of the ions. The mobility values suggest that the
density of VLs is a factor of 2 larger than the density of VDs in water. This finding is conform
with a similar finding in ice. In ice, the Bjerrum D defects are all trapped to interstitials.
De Koning [20] used a first-principles modelling to prove this in the ice lattice. Similar
calculations in the water lattice, containing a high density of vacancies and interstitials, may
prove the only partially trapping of D defects providing extra evidence for the ψ model.
The Hall numbers in water provide extra evidence for the trapping of the D defects,
diminishing the occurrence of VDs in water. As was proven in Eq. 43 and 45 are the Hall
numbers the fraction the non-polarising complexes. For the H+ ions around 10% of the ions
are a H+VD complex, for the OH− ions around 20% of the ions are a OH−VL defect, a result
conform with the trapping hypothesis of D defects to interstitials.
The Hall effect is also valuable for the study of ions in water. However, the behaviour of the
different ions in water is more complex. Besides the Hall numbers, the conductivity, diffusion
10
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coefficient, ’t Hoff factors, and the proton resonance frequency of electrolytes significantly
differ depending on the sign and size of the different atoms. A study combining all this data
will be published elsewhere.
7 Conclusions
The Hall effect of H+ and OH− ions is explained based on the formation of ionic complexes
with vacancies. Two types of complexes are found. The first type of complexes contains
both vacancies of the opposite charge of the ion (H+VL and OH−VD) and neutral vacancies
(H+V and OH−V). The movement of these complexes is changing the electric polarisation
of the lattice structure which makes them insensitive for the Hall effect. The second type
of complexes contains a vacancy charged similar as the ion (H+VD and OH−VL) and these
moving vacancies are not altering the electric polarisation of the lattice structure. They are
responsible for of only a small fraction of the electric mobility (10-20%) but responsible for
the small Hall mobilities of the ions.
Acknowledgements
The author thanks Ward De Jonghe, Prof. Em. Roland Van Meirhaeghe and Jana De Poorter
for their support and their critical reviews of this work.
References
[1] E. Crowford, Arrhenius: From Ionic Theory to the Greenhouse Effect, Science History
Publications, Canton (1996).
[2] N. Agmon, The grotthuss mechanism, Chemical Physics Letters 244(5-6), 456 (1995),
doi:Doi 10.1016/0009-2614(95)00905-J.
[3] S. Cukierman, Et tu, grotthuss! and other unfinished stories, Biochimica Et Biophysica
Acta-Bioenergetics 1757(8), 876 (2006), doi:10.1016/j.bbabio.2005.12.001.
[4] N. Agmon, Mechanism of hydroxide mobility, Chemical Physics Letters 319(3-4), 247
(2000), doi:Doi 10.1016/S0009-2614(00)00136-6.
[5] N. W. Ashcroft and N. D. Mermin, Solid State Physics, CBS Publishing, Philadelphia
(1976).
[6] M. Meton and P. Gerard, Hall-effect in dilute electrolytes, Chemical Physics Letters
44(3), 582 (1976), doi:Doi 10.1016/0009-2614(76)80733-6.
[7] M. Abbes, R. Gerard, P. Gerard, M. Meton and E. J. Picard, Hall-effect in dilute
electrolytic solutions of chloride and iodide salts in methylic alcohol and in water, Journal
De Physique Lettres 43(5), L127 (1982).
11
PREPRINT V1
[8] P. Gerard, R. Gerard, M. Meton and E. J. Picard, Hall-effect in dilute electrolyte 1-1
solutions, Journal of the Electrochemical Society 135(8), C392 (1988).
[9] P. Gerard, R. Gerard, M. Meton and E. J. Picard, Hall-effect in aqueous acid-solutions
at different concentrations, Journal of the Electrochemical Society 137(12), 3873 (1990).
[10] Bellisse.Mc, P. Gerard, Longevia.C, M. Meton, M. Pich and G. Morand, Experimen-
tal measurements of hall effect in very dilute solutions, Journal of the Electrochemical
Society 118(12), 1944 (1971), doi:Doi 10.1149/1.2407872.
[11] J. B. Hubbard and P. G. Wolynes, An electrohydrodynamic contribution to the
hall-effect in electrolyte-solutions, Journal of Chemical Physics 75(6), 3051 (1981),
doi:Doi 10.1063/1.442400.
[12] H. J. Kroh and B. U. Felderhof, On the theory of the hall-effect in ionic-solutions, Physica
A 153(1), 73 (1988), doi:Doi 10.1016/0378-4371(88)90103-3.
[13] H. J. Kroh and B. U. Felderhof, The hall-effect in dilute ionic-solutions, Molecular
Physics 70(1), 119 (1990), doi:Doi 10.1080/00268979000100881.
[14] W. Sung and H. L. Friedman, The microscopic theory of the hall-effect in ionic-solutions
.1. general formulation and the brownian ion-continuum solvent limit, Journal of Chem-
ical Physics 87(1), 643 (1987), doi:Doi 10.1063/1.453559.
[15] S. Kasap, Hall effect in semiconductors, webcitation.org (2001).
[16] P. Atkins and J. Depaula, Atkins’ Physical Chemistry, Oxford University Press, 9 edn.
(2009).
[17] J. De Poorter, An improved formulation of jaccard’s theory of the electric properties of
ice, EPJB submitted (2018), doi:http://arxiv.org/abs/1811.05892.
[18] P. Gosar, Note on hall-effect in ice, Physics of Condensed Matter 17(3), 183 (1974),
doi:Doi 10.1007/Bf01475923.
[19] J. B. Sokoloff, Absence of a hall-effect in ice crystals, Physical Review Letters 31(2), 90
(1973), doi:DOI 10.1103/PhysRevLett.31.90.
[20] M. de Koning, First-principles modeling of lattice defects: advancing our insight into the
structure-properties relationship of ice, Scientific Modeling and Simulations 15(1-3), 123
(2008), doi:10.1007/s10820-008-9110-4.
12
